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 WA Freshwater Algae Control 
Program

 CyanoHABs
◦ MCs
◦ Anatoxin-a, others
◦ Predictors of MCs in 9 Lakes

 Update on Other Studies
◦ Fish Consumption
◦ Anabaena
◦ FW Microcystin transfer to

Marine Waters

 303d Narrative Criteria

By: Joan Hardy

Fish Lake
Chelan County

By: Joan Hardy

By:  Joan Hardy

Lake Lorene
King County

By: Joan Hardy



‣ Funded by $1/boat license fee

‣ Staff or citizens identify a bloom 
or developing bloom

‣ Check www.nwtoxicalgae.org

‣ Send sample to laboratory

‣ Results sent to LHJ, agencies, 
and posted on listserv

Lake Ketchum
Snohomish County

By: Joan Hardy

http://www.nwtoxicalgae.org
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HABs
Guidance Value 

(GV)

Microcystins 6 µg/L

Anatoxin-a 1 µg/L

Cylindrospermopsin 4.5 µg/L

Saxitoxins 75 µg/L

GVs will be updated when an acute RfD/TDI is available 
for each toxin or when a national guidance value is 
adopted





‣ Anabaena (Dolichospermum) - anatoxin-a, 
microcystins, saxitoxins
‣ Aphanizomenon - anatoxin-a, saxitoxins, 

cylindrospermopsin
‣ Microcystis - microcystins
‣ Oscillatoria – microcystins, anatoxin-a, 

aplysiatoxins
‣ Gloeotrichia - microcystins

By:  Robin Matthews



 All Cyanotoxins:  
◦ MCs>Anatoxin-a>Saxitoxin or Cylindrospermopsins

 CDC HABISS Cooperative Agreement
◦ Sampled 30 lakes for 3 years 

◦ Biweekly June – October

 Seasonal Results

 Monitoring Type

 Outreach Implications
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Trainer, V. and FJ Hardy.  2015. Integrative Monitoring of Marine and Freshwater 
Harmful Algae in Washington State for Public Health Protection. Toxins 7, 
1206-1234. 
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Group Ag (%)
Forest 

(%)

Impervious 

Surfaces (%)

Lake 

Area (%)

Maximum 

Depth (m) Comment Lakes

1

0.8 79.2 3.7 4.7 10.9

Lowest development (impervious); most 

natural (forest). Small lakes relative to 

the size of the watersheds. moderate 

depths. 

Armstrong, Ohop, 

Sawyer (#4 in R)

2

4.1 49.7 8.7 11.3 8.3

Low development; highest agricultural 

use, and high forest; intermediate sized 

lakes relative to the size of the 

watersheds. Shallow.

Bay, Cassidy, Desire, 

Harts, Spring, Tanwax 

(#2)

3

0.1 12.3 35.0 15.3 9.2

Most developed; low natural (forest) and 

least agriculture; intermediate 

lake:watershed values. shallow depths

Echo, Loma, Silver, 

Wilderness (#3)

4

0.9 8.7 11.3 5.8 14.0

Intermediate development (impervious 

surfaces); small lakes relative to size of 

watershed; moderate depths.

American, Ketchum, 

Lost, Spanaway (#5)

5

1.3 28.3 12.5 5.5 9.1

Intermediate development (impervious); 

small lakes relative to the size of the 

watersheds; shallow depths.

Beaver, Blackmans, 

Chain, Cottage, 

Marcel, Martha N, 

Shadow, Steilacoom, 

Sunday, Tuck, 

Waughop (#1)

6

0.8 17.4 13.0 29.5 36.6

Intermediate development; lake is a large 

percent of the watershed; deep lakes.

Clear and Stevens (#6)

Range [0, 14] [2, 86] [1, 45] [1, 38] [3, 47]
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airtemp.7day.avg

airtemp.7DAD.Max

precip.cum.in

solar.7day.avg

sample.week.lbr

solar.7day.max

lake.watersh.pct

AGR_.Acres

agr.pct

FOREST_Acres

imperv_acres

catchment.acres

surf.area.acres

forest.pct

imperv.pct

max.depth.m

mean.depth.m

trophic.status

0.000 0.005 0.010 0.015

mcycat.cf3

Mean Decrease in Accuracy for MCY cat (3 levels)
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Year # Lakes

# Samples 

above Std.

Maximum 

Conc. (µg/L)

2007 1 1 4,000*

2008 8 25 172,640*

2009 4 21 144,000*

2010 5 14 538

2011 8 32 1,170

2012 7 40 706

2013 6 25 257

2014 5 15 991

2015 9 27 7,951 *Original method
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Lake Ketchum
Snohomish County

Sunday Lake
Snohomish County

By: Gene Williams

By: Gene Williams

By: Gene Williams

Waughop Lake
Pierce County

By::Ray Hanowell



 Jacoby et al. 2015.  Inland Waters 5(2): 187-202.

 9 lakes sampled biweekly, 2012

 Identified factors most closely associated with 4 
cyanotoxins

 Best predictors of MC:

◦ When TN:TP ratios < 25.7

◦ MC was generally absent when

TN:TP ratios >25.7

 Poster
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Cottage Lake,
King County:  

By: Sally Abella



‣ Helps clients identify:
◦ Toxic Blooms
◦ Poisoning Signs 
◦ What to do if pet is sick 
◦ Who to call







 Used two types of ELISA and LC-MS/MS

 Higher concentrations in the liver (X=50, 64 

ug/Kg, wet) than in the gut or muscle tissue 
(X=5.6, 14 ug/Kg, wet)

 Recommend that ELISA be used only to 
screen fish tissue

 Recommend that LC-MS/MS be used in 
conjunction with ELISA to confirm results of 
screening

Hardy, FJ, A Johnson, K Hamel, E Preece. 2015.
Cyanotoxin bioaccumulation in freshwater fish, Washington
State, USA. Environ Monit Assess (2015) 187: 667



 Puget Sound Lowland Lakes (2012 season)

 Anderson Lake, Jefferson County
◦ Very high anatoxin-a concentrations

29

By:  Jefferson County Public Health



Public Health – Always Working for a Safer and Healthier Washington

Tested positive for anatoxin-a production 

Anabaena flos-aquae-like morphotype is a major 

anatoxin-a producer in Anderson Lake 

Large cell

Anabaena spiroides/crassa
Non-toxic 

Small cell

Anabaena flos-aquae

Anatoxin-a +ve

(9 July 2012 and 24 June 2013) 



Tested positive for anatoxin-a production 
Culture from 5/20/2013 



Pilot Project - 2012
‣ Bay Lake – Mayo Cove
‣ Lake Steilacoom –

Chambers Creek
‣ Kitsap Lake – Chico Creek

Repeated in 2013, 2014

WSU analyzed MCs (E. Preece)

‣ Found MCs present in 
mussels associated with 
lake blooms



 Method development
◦ Identifying best methods for routine ELISA detection of 

microcystin in seafood.  2015.  Preece et al.  Environ Monit
Assess 187:12

 Detected MC in mussels
◦ First detection of microcystin in Puget Sound, Washington, 

mussels (Mytilus trossulus).  2015.  Preece et al.  Lake and 
Reservoir Management, 31:1, 50-54.

 ID’d MC in lake, stream, and mussels
◦ Transfer of Microcystin from Freshwater Lakes to Puget Sound, 

WA and Toxin Accumulation in Marine Mussels (Mytilus 
trossulus).  Preece et al.  Ecotoxicol Environ Saf 122-98-105.



‣ EPA working on national recreational 
guidance values

‣ Animal illnesses can act as sentinels – vets

‣ FW/Marine interface

‣ Historic satellite imagery

‣ Biomarker work 

‣ Sediments, periphyton

‣ Potential for increased 

HABs with climate change

By:  Don Russell

Waughop Lake
Pierce County





Public Health – Always Working for a Safer and Healthier Washington

Lake MacDonald 
King County

By:  Sally Abella



Waterbody Species Tissue N =
Microcystins 
(ug/Kg, wet)

Reference

Western Wash. lakes 
(5)

4 species
muscle 14 5.6

Present study
liver 16 50

Western Wash. lakes
(6)

6 species
muscle 20 14

Johnson (2010)
liver 11 64

Lago de Patzcuero, 
Mexico

Carp
muscle ? 5.0

Berry et al. (2011)
liver ? 94

Lake Albufera, Spain Mullet
muscle 103 5.0

Romo et al. (2012)
liver 103 200

Greek Lakes (13) Carp
muscle 130 7.1 Papadimitriou et al. 

(2010)liver 130 124

Lake Ontario and 
Lake Erie

17 
species

muscle 57 7.8 Poste et al. (2011)


